Measuring reflection amplitude versus offset (AVO) has proved to be effective in reservoir characterization. Experience shows that AVO inversion methods based on amplitude-preserved prestack migration typically provides a more accurate lithology estimate than NMO-based AVO analysis. However, some artifacts may be introduced into the migration section due to an undersampled acquisition geometry, a limited recording aperture, and strong velocity contrasts, which can obscure the estimate of reservoir properties. Here, we investigate the impact of migration deconvolution (MD) on amplitude fidelity, AVO analysis and inversion. The MD method is applied to images migrated from common offset sections and shows improved spatial resolution and imaging quality. Together with angle gathers generated from prestack true-amplitude migration, the AVO parameters are inverted using MD common reflection gathers (CRG). Tests results indicate that MD is capable of preserving the relative amplitude variation along offset. Additionally, examples with synthetic and field data clearly demonstrate that MD improves the imaging quality of CRGs; furthermore, AVO parameter sections are optimized for interpretation and anomaly identification.
Introduction
Amplitude versus offset (AVO) analysis and inversion has played an important role in the detection of hydrocarbons and characterization of reservoirs (Beydoun et al., 1994; Camboise, 2000; Hanitzsch et al., 1998; Lumley et al., 1998; Shuey, 1985) . Many authors (Beydoun et al. 1994; Lumley et al., 1998; Mosher et al., 1996) showed that amplitude-preserved prestack migration followed by AVO inversion gives slightly more accurate results than poststack migration after inversion.
However, an undersampled acquisition geometry, a limited recording aperture, and overly simple wavefield propagator, and strong velocity contrasts lead to artifacts such as migration noise (i.e., acquisition footprints) in the migration image that may blurr the true reflectivity image, and so obscure the changes in reservoir properties. This can lead to ambiguous interpretations of AVO results.
Mathematically, a migrated image can only be considered as the reflectivity distribution of the earth modulated by a migration Green's function (Schuster and Hu, 2000; Hu et al., 2001 ). Schuster and Hu (2000) established a relationship between the space-time migration Green's function and source-receiver geometry. Consequently, they introduced the migration deconvolution method to attenuate the migration artifacts by deconvolving the Green's function from the migration image.
In this abstract, we investigate the impact of migration deconvolution on the common offset sections and AVO attribute sections using synthetic and marine field data. After careful preprocessing, including trace amplitude balancing and demultiple filtering, amplitude-preserved prestack migration is applied to the preprocessed data. The resulting common offset section, common reflection gathers (CRG), and corresponding angle gathers are produced in the output data. The MD method is then applied to constant offset sections. Together with angle gathers, normal AVO inversion is applied to the migrated or migration+MD data for inverting AVO attributes. Both synthetic and field data examples show that the MD image has higher temporal and spatial resolution and fewer artifacts. In the marine field data, MD produced an improved AVO inversion parameter sections which is helpful for delineating the reservoir properties.
Migration deconvolution
Migration deconvolution has been used to reduce the artifacts in migration images and enhance the focusing capability of migrated data (Hu et al., 2001) . The seismic image obtained using the migration method can be represented in the frequency domain as
where G(r|r 0 ) is the migration Green's function which describes the migration section at r for a point scatterer at location r 0 ; m mig (r) denotes the migration image; and m(r0) stands for the true reflectivity at position r0. The symbol Ω denotes the volume integral associated with the model space coordinate r0.
Assuming a localized v(z) medium with shift invariance in the x and y coordinates, equation (1) can also be expressed in the wavenumber domain as
where k denotes (k x , k y ); and symbol ref denotes a reference position from which the velocity profile is estimated (Hu, Schuster and Valasek, 2001 ).
Equation (2) is used to estimate the true reflectivitŷ m(k, z0) at the depth level of z0 by solving a system of linear equations.
Prestack migration based AVO inversion
Amplitude variation with offset analysis extracts the amplitudes from the observed seismic data and estimates the two typical parameters: intercept and slope. In turn, these two parameters are related to the rock properties (Shuey, 1985) . Conventional NMO based AVO analysis is often limited to the areas where the subsurface structure is simple. Migration-inversion methods provide a framework for extending the benefit of prestack migration to AVO analysis and inversion (Bleistein, 1987; Beydoun et al., 1994; Clayton et al., 1981; Lumley, 1993; Mosher et al., 1996) . Prestack migration/inversion can be implemented in many forms. Here an amplitude-preserved integral migration method is used in conjunction with AVO inversion. First the reflection angle and reflectivity are simultaneously inverted from the prestack seismic data. Estimates of both reflection angle and reflectivity are formed as a function of offset and subsurface coordinates. Specifically, a common-offset prestack amplitude-preserved migration approach is used to estimate the P-P reflectivity and reflection angle as a function of offset and depth. Assuming θ is reflection angle, cos(θ) is obtained by computing the ratio of seismic reflectivity R and Rcos(θ). This angle-dependent reflectivity estimation can be used to invert the elastic and AVO parameters by the normal AVO inversion technique (Kelly et al., 2001; Shuey, 1995) .
Synthetic data example
Before processing real data, we first test the MD approach on synthetic data. The objective is to investigate whether MD degrades or improves the fidelity of AVO inversion or amplitude fidelity. In this synthetic example, the model consists of a dipping overburden interface and some flat and dipping interfaces. Figure 1 shows the comparison of common offset migration sections before and after MD. Their corresponding zoom views are shown in Figure 2 . It is obvious that the MD migration sections (right panel in Figures 1 and 2 ) have fewer artifacts compared with the standard migration result (left panel in Figures 1 and  2) . To increase robustness, the stacked common offset section was produced by summing a series of common offset sections in which offset ranged from 1025 m to 1375 m in 50 m increments. Figure 3 shows the closeup comparison of a common reflection gather (CRG) at CDP location 40 before and after applying MD. The reflection amplitudes exhibit classic AVO features where amplitude increases with offset. The improvement in the MD section is noticeable and the MD image is more favorable for accurate AVO identification.
Marine field data
The first marine field data set includes seismic traces, well logs and petrophysical information. The seismic data consist of 1001 shot gathers with offsets ranging from 0.262 km to 3.237 km. Both shot and geophone intervals are 25 m. Each shot gather consists of 120 geophones with a recording length of 6 s and a temporal sampling interval of 4 ms.
The data contains strong multiples, such as water column and interbed multiples that will obscure the primaries. In addition, it is also noted that seismic amplitudes are affected by source and geophone inconsistencies. More care needs to be taken for preprocessing including source and geophone amplitude balancing and demultiple filtering. Migration velocity models were estimated at every 10th CDP along the seismic line. The velocity scans were carefully interpreted to get the optimal rms-velocity model. The quality of the velocity model can be controlled by examining the rms-velocity from the well sonic data.
We performed 50 constant offset migrations ranging from offsets of 0.262 km to 2.712 km in 0.05 km increment. Figure 4 shows the comparison of rock property contrast associated with the product of the P-and S-wave impedances before (top panel) and after (bottom panel) applying MD. It can be seen that that MD improves the spatial resolution of the AVO inversion image and mitigates the migration noise in the target area.
For another data set we used is from Gulf of Mexico (GOM). Similar preprocessing steps in the above example are used. Figure 5 compares the AVO inversion parameters, i.e., the products of intercept and gradient before (a) and after (b) application of MD. It is seen that the bright spot anomaly appears in both sections; but the prestack MD image appears to be characterized by less noise and higher resolution. Figure 6 shows one CRG gather before (a) and after (b) applying MD processing. The target zone is marked by a box as shown in Figure 6 . It indicates that the CRG image with MD processing has better resolution and energy illumination of reflectors.
Conclusions
We have investigated the impact of migration deconvolution on AVO inversion with both synthetic data and marine field data. The motivation for using MD is that the reflectivities generated by migration method is a blurred representation of the true reflectivity distribution; and so MD is used to deblur these images to get an accurate AVO response. The synthetic results show a noticeable improvement in resolution and in noise attenuation. It is clearly demonstrated that there are fewer artifacts in the AVO sections processed by MD.
Two marine data sets were carefully processed including corrections for source and geophone directivity effects, amplitude balancing and suppression of multiples. The common offset sections, common reflection gathers, and incidence angle gathers were extracted by prestack migration. The migration image and the inversion parameter sections show that MD improves the image quality with high resolution and better energy focusing. In the field data cases, the examples demonstrate the value of MD for improving the stratigraphic resolution and image quality of the CRGs and AVO inversion parameter sections. 
